Improved processing speed: online computer-based cognitive training in older adults by Simpson,T et al.
		
 
 
 
 
 
 
 
 
 
This is the published version 
 
Simpson,T, Camfield,D, Pipingas,A, Macpherson,H and Stough,C 2012, 
Improved processing speed: online computer-based cognitive training in older 
adults, Educational gerontology, vol. 38, no. 7, pp. 445-458. 
 
 
 
 
 
 
Available from Deakin Research Online 
 
http://hdl.handle.net/10536/DRO/DU:30073131	
	
	
	
	
	
	 	
Reproduced with the kind permission of the copyright owner 
	
	
 
 
 
 
 
Copyright: 2012, Taylor and Francis 
This article was downloaded by: [Deakin University Library]
On: 07 May 2015, At: 19:22
Publisher: Routledge
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK
Educational Gerontology
Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/uedg20
Improved Processing Speed: Online
Computer-based Cognitive Training in
Older Adults
Tamara Simpson a , David Camfield a , Andrew Pipingas a , Helen
Macpherson a & Con Stough a
a Centre for Human Psychopharmacology , Swinburne University of
Technology , Melbourne , Victoria , Australia
Published online: 19 Apr 2012.
To cite this article: Tamara Simpson , David Camfield , Andrew Pipingas , Helen Macpherson & Con
Stough (2012) Improved Processing Speed: Online Computer-based Cognitive Training in Older Adults,
Educational Gerontology, 38:7, 445-458, DOI: 10.1080/03601277.2011.559858
To link to this article:  http://dx.doi.org/10.1080/03601277.2011.559858
PLEASE SCROLL DOWN FOR ARTICLE
Taylor & Francis makes every effort to ensure the accuracy of all the information (the
“Content”) contained in the publications on our platform. However, Taylor & Francis,
our agents, and our licensors make no representations or warranties whatsoever as to
the accuracy, completeness, or suitability for any purpose of the Content. Any opinions
and views expressed in this publication are the opinions and views of the authors,
and are not the views of or endorsed by Taylor & Francis. The accuracy of the Content
should not be relied upon and should be independently verified with primary sources
of information. Taylor and Francis shall not be liable for any losses, actions, claims,
proceedings, demands, costs, expenses, damages, and other liabilities whatsoever or
howsoever caused arising directly or indirectly in connection with, in relation to or arising
out of the use of the Content.
This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden. Terms &
Conditions of access and use can be found at http://www.tandfonline.com/page/terms-
and-conditions
ARTICLES
Improved Processing Speed: Online Computer-based
Cognitive Training in Older Adults
Tamara Simpson, David Camfield, Andrew Pipingas
Helen Macpherson, and Con Stough
Centre for Human Psychopharmacology, Swinburne University of Technology, Melbourne,
Victoria, Australia
In an increasingly aging population, a number of adults are concerned about declines in their
cognitive abilities. Online computer-based cognitive training programs have been proposed as an
accessible means by which the elderly may improve their cognitive abilities; yet, more research is
needed in order to assess the efficacy of these programs. In the current study, a commercially
available 21-day online computer-based cognitive training intervention was administered to 34
individuals aged between 53 and 75 years. The intervention consisted of computerized training in
reaction time, inspection time, short-term memory for words, executive function, visual spatial
acuity, arithmetic, visual spatial memory, visual scanning=discrimination, and n-back working
memory. An active solitaire control group was also included. Participants were tested at baseline,
posttraining and at three-weeks follow-up using a battery of neuropsychological outcome measures.
These consisted of simple reaction time, complex reaction time, digit forwards and backwards, spa-
tial working memory, digit symbol substitution, RAVLT, and trail making. Significant improvement
in simple reaction time and choice reaction time task was found in the cognitive training group both
posttraining and at three-weeks follow-up. However, no significant improvements on the other cog-
nitive tasks were found. The training program was found to be successful in achieving transfer of
trained cognitive abilities in speed of processing to similar untrained tasks.
The world’s population is aging rapidly, with the proportion of the population over 60 growing
at a rate of around 2% per annum in the developed world (United Nations, 2009). In the most
developed regions, 264 million people (21% of the population) were estimated to be 60 years
and older in 2009; with this figure projected to increase to around 416 million (33% of the
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population) by the year 2050 (United Nations, 2009). A major societal health issue for an aging
population is not only the greater incidence of neurodegenerative disorders, such as Alzheimer’s
disease, but also the impact of normal age-related cognitive decline. Up to 50% of adults aged 64
and over have reported difficulties with their memory (Reid & MacLullich, 2006). In response to
the reality of an aging population there has been increased research focus in recent years on the
development of effective interventions that may ameliorate the declines in cognitive ability.
While various dietary and pharmaceutical interventions have been investigated for their efficacy
in countering cognitive decline, another more novel intervention is participation in active daily
mental activities, a process that is known as cognitive training (see Hertzog, Kramer, Wilson, &
Lindenberger, 2009 for an extensive review). With the advent of the Internet, a number of online
cognitive training programs have become available to the general public. However, more
research is needed in order to assess the efficacy of these programs.
Age-related deficits in cognitive abilities have been consistently reported across a range of
cognitive domains including processing speed, attention, episodic memory, spatial ability, and
executive function (Craik, 1994; Hultsch, MacDonald, & Dixon, 2002; Park et al., 2002; Park
et al., 1996; Rabbitt & Lowe, 2000; Salthouse, 1996; Schaie, 1996; Verhaeghen & Cerella,
2002; Zelinski & Burnight, 1997). Salthouse (1996) has argued that the speed with which cog-
nitive operations can be executed is the underlying common factor for age-related decline across
a broad range of cognitive tasks. Not only is cognitive processing speed required to effectively
complete everyday tasks in an efficient manner, it is also integral in new learning and other cog-
nitive processes (Acevedo & Loewenstein, 2007). It has been reliably found that older adults
perform slower than their younger counterparts on speeded cognitive tasks (Joy, Fein, Kaplan,
& Freedman, 2000) and that this age-related decline leads to a weakness in cognitive functioning
with advancing age (Rabbitt & Lowe, 2000; Salthouse, 1996). A decline in processing speed
also impacts on the accuracy of task completion under limited time constraints, resulting in a
trade off for speed rather than accuracy (Salthouse, 1996). Additionally, slower processing speed
also compromises the efficiency of working memory function (Bugg, Zook, DeLosh, Davalos, &
Davis, 2006; Li, Lindenberger, & Sikstro¨m, 2001; Salthouse, 1996).
While the unfortunate decline in cognitive abilities with aging is ubiquitous, it is also evident
that a great deal of variability exists in both the rate and the extent of cognitive decline experi-
enced by individuals as they age (Shammi, Bosman, & Stuss, 1998; Wilson et al., 2002). While
some of the variance may be explained by genetic factors (e.g., Hariri et al., 2003; Price &
Sisodia, 1998), there is also a great deal of research highlighting the importance of environmen-
tal influences (Kempermann, 2003). Epidemiological and prospective cohort studies have pro-
vided strong evidence to suggest that regular engagement in complex mental activities may
slow the rate of cognitive decline in aging as well as reduce the risk of developing dementia
and serve a protective role in cases of brain insult; this is a phenomenon that has become known
as brain reserve (Valenzuela & Sachdev, 2006a, 2006b, 2007).
A number of randomized clinical trials of cognitive training in elderly populations have been
conducted in recent years, providing important behavioral evidence to corroborate the findings
from epidemiological and preclinical studies. The most influential clinical study in the current
cognitive training literature is the ACTIVE (Advanced Cognitive Training for Independent
and Vital Elderly) study conducted by Ball et al. (2002). In this study, 2,832 individuals aged
65 to 94 years living independently were randomly assigned to group memory training
sessions for verbal episodic memory, reasoning, or speed of processing. Each intervention was
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found to significantly improve the targeted cognitive ability in comparison to baseline up to
two years later.
Since the time of the ACTIVE study, a number of cognitive training studies have been
conducted on healthy elderly individuals using a computerized training interface. Mahncke
et al. (2006) from the Posit Science group investigated the efficacy of a computerized cognitive
training program in 182 community dwelling adults over the age of 60. At the end of the
8–10 week training period, participants in the intervention group were found to demonstrate
significant improvements to their performance on the directly trained tasks of speed of pro-
cessing and forward word recognition span. Further, improvements in the intervention group
were also found to be transferred to untrained tasks of digit span forward and global auditory
memory.
Further investigation using the same computerized cognitive training program was conducted
by Smith et al. (2009). Using a sample of 487 community-dwelling elderly adults over 65 years,
they investigated the efficacy of their training program in improving performance on untrained
measures of memory and attention in comparison to an active control task over an eight-week per-
iod. At the end of the eight-week training period, the group receiving the training program were
found to perform significantly better than the control group on a number of untrained outcome
measures including overall memory, digit span backwards, Letter Number Sequencing (LNS),
and Rey Auditory Verbal Learning Test (RAVLT) total score, and word list delayed recall.
Vance et al. (2007) investigated the long-term effects of computerized cognitive training in
159 adults over 60 years with impairments in processing speed. The intervention consisted of
10 one-hour training sessions using a visual processing speed task. Significant improvements
in speed of information processing were observed in the intervention group up to 2 years follow-
ing training, and the improvements in processing speed for the training group were also found to
transfer to similar measures of visual information processing speed.
It is important to ensure that adequate time is allowed when completing a computerized training
regime outside of the laboratory, as evidenced by a recent study by Owen et al. (2010). In this study
online cognitive training was administered in conjunction with a popular BBC television program,
resulting in an impressive 11,430 participants aged 18–60 years. However, participants were only
required to engage in training for a minimum of 10 minutes per day on two occasions throughout
the six-week study; with the average number of training sessions no more than four sessions per
week. Perhaps due to the limited time spent on training, only small effect sizes ( 0.2) for differ-
ences between the training and control groups were reported (Owen et al., 2010).
The present study was exploratory in nature, adopting similar methodology to that of
Mahncke et al.’s (2006) study and using known neuropsychological tests sensitive to the effects
of ageing as outcome measures. The aim of this approach was to examine the change in cogni-
tive functioning of middle-aged and older adults after using a commercially available web-based
cognitive training program for 21 days. It was hypothesised that participants engaged in the cog-
nitive training program would improve specifically in the primary outcome measures assessing
processing speed and that this improvement in cognitive ability would be maintained after the
training program had ceased. It was also hypothesised that there would be transfer of training
effects to a number of other tasks in the cognitive domains of working memory, processing
speed, executive function, spatial working memory, and attention. The transfer of training effects
was measured using a number of neuropsychological tests that are known to be sensitive to the
effects of aging.
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METHOD
Participants
A total of 34 participants (Male: 16, Female: 18) aged between 53 and 75 years (M¼ 62.29,
SD¼ 5.53) were enrolled in the study. The participants were recruited from the Melbourne
metropolitan area by word of mouth, newspaper advertisements, and posters placed on local
community noticeboards. All participants were screened by telephone to ensure that they had
access to a personal computer with Internet connection, that they were nonsmokers, and that they
had not previously had a stroke or been diagnosed with a neurological or psychiatric disorder.
Participants also completed the Mini Mental State Exam ([MMSE]; Folstein, Folstein, &
McHugh, 1975) and the Beck Depression Inventory ([BDI]; Beck, Steer, & Brown, 1996) to
ensure they did not suffer from cognitive impairment or depression. A BDI cut-off of greater
than or equal to 20 was used as evidence of mild depression (Beck et al., 1996), while a MMSE
cut-off of less than or equal to 24 was used as evidence of significant cognitive impairment
(Folstein et al., 1975). All participants were found to have BDI scores of 16 or below, and all
participants were found to have MMSE scores of 27 or higher. All participants had normal or
corrected-to-normal vision. During the course of the study one participant was excluded due
to inadequate compliance with their allocated training exercise.
Study Design
The study was a randomised, single blind design. Participants were allocated to one of two treat-
ment conditions: brain training or solitaire (the active control condition), by way of permuted
block randomisation using a block size of four. An investigator not involved in recruitment
of participants or in testing conducted randomisation. Participants assigned to the brain training
condition were asked to complete a commercially available online cognitive training program
(www.mybraintrainer.com) for up to 20 minutes per day over a 21-day period. Participants
assigned to the active control condition were required to play solitaire on the computer for up
to 20 minutes per day over a 21-day period.
Cognitive Training Program
The online cognitive training program from www.mybraintrainer.com consisted of the following
12 exercises: Simple Reaction Time, Go=No Go Reaction Time, Binary Choice Reaction Time,
Three Choice Reaction Time, Inspection Time, Short term Memory for Words, Executive
Function, Visual Spatial Acuity, Arithmetic, Visual Spatial Memory, Visual Scanning=
Discrimination, and N-Back Working Memory. The 21-day Basic Training Program assigned
various tasks to participants on each day (taking up to 20 minutes in one session). And as their
reaction time and accuracy improved on the tasks, the program automatically adjusted the level
of difficulty in each of the tasks, progressing through four ascending levels from beginner to
intermediate, advanced, and then expert. The program automatically advanced the participants
to the next training day eight hours after all exercises for the current day had been completed.
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Materials
Primary Outcome Measures
Simple reaction time. In this task a single white square was presented in the middle of the
computer screen. Participants were required to respond as quickly as possible by pressing the
right button on the response box. Thirty targets in total were presented with a randomized
interstimulus interval to negate any effects of participant anticipation. This test forms part of
the Swinburne University Computerised Cognitive Ageing Battery ([SUCCAB]; see Pipingas
et al., 2010 for further details).
Complex reaction time. In this task either a red square or a blue triangle appeared in the
center of the computer screen. Participants were required to respond as quickly as possible by
pressing the right button when a red square was displayed and the left button when a blue
triangle was displayed. Thirty targets represented equally by blue triangles and red squares were
provided. A randomized interstimulus interval was implemented to negate any effects of partici-
pant anticipation. This test is also part of SUCCAB.
Secondary Outcome Measures
Digit span forward and backward. In these tests from the WAIS-III (Wechsler, 1997) the
investigator verbally presented a series of numbers to participants at the rate of one per second.
In the forward task, participants were asked to verbally repeat the numbers in the order that they
were presented. In the backward task, participants were asked to repeat the numbers in the
reverse order that they were presented to them. The task was divided into blocks consisting
of two trials, and participants progressed through each block until they incorrectly repeated a
sequence of two trials within a block. The first block consisted of three numbers, and this
increased by one number each block. Participants were scored on the longest string of numbers
accurately recalled in a block.
Spatial working memory. Spatial working memory requires visuospatial abilities such as
imagining, retaining, and manipulating mental representations of visual imagery in memory
(Giambra, Arenberg, Zonderman, Kawas, & Costa, 1995). In the SUCCAB computerized ver-
sion of the SWM task, participants were required to remember spatial locations on a four-by-four
grid; refer to Pipingas et al. (2010) for further details. Response time was measured in
milliseconds.
Rey auditory verbal learning test (RAVLT). Five trials of 15 nouns were read aloud, with
a one second interval between each word. The order of presentation of words remained constant
across the trial. Each trial was followed by a free-recall test. A score for immediate memory stor-
age was obtained from the total number of correctly recalled words after the presentation of the
first trial of 15 nouns. A score for Progressive Learning was obtained by subtracting the total
number of correct words recalled in Trial 1 from the total number of correct words recalled
in Trial 5.
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Digit symbol-substitution. The Digit Symbol-Substitution test ([WAIS II]; Wechsler,
1997) is a paper and pencil test consisting of a code with the numbers 1–9 and a symbol corre-
sponding to each number represented underneath. Below this code, random numbers from 1–9
are represented in rows with blank spaces below each number. Participants were required to fill
in the blank spaces with each number’s corresponding symbol as quickly as possible, moving
from left to right across the page within a 90-second time limit.
Trail making test (A & B). Part A consists of encircled numbers from 1 to 25 randomly
located within an A4 sheet of paper. Using a pen, participants were required to join the numbers
consecutively by drawing a line from 1 to 25 as fast as they could without taking their pen off the
page. Part B consists of both encircled numbers from 1 to 12 and encircled letters from A to L
randomly located witin an A4 sheet of paper. Using a pen, participants were required to join
encircled numbers and letters consecutively, alternating between the number and the letter
(for example: 1-A-2-B-3-C).
Procedure
All participants attended Swinburne University in Melbourne for an initial baseline testing ses-
sion. At this session participants completed the BDI and MMSE as well as a basic demographic
questionnaire and all primary and secondary neuropsychological outcome measures. At the end
of the baseline session, each participant was given a sealed envelope by the investigator contain-
ing information regarding the testing condition that they were randomly allocated to for the next
21 days. A research assistant contacted each participant no later than one week after the initial
testing session to ensure they had begun the task required of them and to answer any queries they
may have had. Throughout the course of the study participants were required to record a daily
log, detailing the amount of time they spent each day on their assigned exercise.
At the conclusion of the 21-day training period, all participants were required to return for a
posttraining session. At the posttraining session, participants completed alternate forms of the
neuropsychological outcome measures. Participants were then instructed to discontinue their
training and return for a follow-up visit in another three weeks time. At the follow up session,
participants completed for a final time alternate forms of the neuropsychological outcome
measures. At the end of this session, participants handed in the log for their assigned testing
condition in order to confirm their treatment compliance.
RESULTS
Demographics and Baseline Measures
Prior to analysis of treatment effects, one-way ANOVAs were used to analyze differences
between the brain-training and solitaire treatment groups on all baseline neuropsychological test
scores, as well as for age, gender, and highest educational level. No significant differences
between groups were observed for the outcome measures, however highest educational level
was found to be significantly different between groups. The majority of the sample was found
to have a highest educational level corresponding to at least partial completion of a tertiary
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degree. However, three participants from the active control group (solitaire) were found to have
a level of education of only year 12 or below. In consideration of the known relationship
between education level and cognitive performance (Valenzuela & Sachdev, 2006a), it was
deemed that the inclusion of participants with a lower level of education in the control group
would increase the chance of a type 1 error. For this reason, these three participants were
excluded from further analysis. After removing these participants from the sample, highest edu-
cational level was no longer found to be significantly different between treatment groups. The
relationship between neuropsychological outcome measures and both age and gender were also
investigated at baseline. One-way ANOVA revealed no significant differences between males
and females on any of the test outcomes at baseline. However age was found to be significantly
correlated with a large number of outcome measures at baseline; and, for this reason, it was
included as a covariate in all further analysis.
Primary Outcome Measures
The distribution of scores for all primary outcome measures across the three study visits were
investigated in order to screen for outliers. For SUCCAB simple reaction time, scores from
one participant were deemed as outliers and were excluded. For SUCCAB complex reaction
time, scores from one participant were also deemed as outliers and excluded. Differences in test
scores at visit 1 (baseline), visit 2 (21 days posttraining), and visit 3 (follow-up) are displayed in
Table 1 for both the brain-training and solitaire treatment groups for each of the primary
outcome measures.
Mixed-design repeated measures ANCOVAs, with time (baseline, posttraining, follow-up) as
the within-subjects factor and training group (brain-training versus solitaire) as the between-
subjects factor and age as a covariate, were conducted on all primary outcome measures. A sig-
nificant time training interaction was observed for SUCCAB Simple Reaction Time with
Greenhouse-Geisser correction (F (1.3,35.6)¼ 4.928, p¼ .024, partial g2¼ 0.154). Planned
within-subjects contrasts revealed that the time training interaction was significant for the
follow-up versus the baseline visit (F (1,27)¼ 7.357, p¼ .011, partial g2¼ 0.214). The time
training interaction was also approaching significance for the posttraining versus the baseline
visit (F (1,27)¼ 4.079, p¼ .053, partial g2¼ 0.131). Figure 1 displays the SUCCAB simple
TABLE 1
Means and SDs of the Primary Outcome Measures
Baseline Posttraining Follow up
n Mean SD Mean SD Mean SD
SUCCAB
Simple reaction time (msec)
Brain-training 17 281.80 56.53 250.19 26.83 254.72 27.44
Solitaire 13 264.20 29.73 262.18 31.16 270.86 28.72
Complex reaction time (msec)
Brain-training 17 455.70 46.74 445.01 51.73 442.74 43.38
Solitaire 13 438.69 30.17 475.29 39.99 469.42 59.07
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reaction time means by study visit and training group. For the cognitive training group, simple
reaction time was found to be significantly faster at both the posttraining visit (t(16)¼ 2.731,
p¼ .015), and at the follow-up visit (t(16)¼ 2.831, p¼ .012) when compared to the baseline
measure. No significant differences in simple reaction time were found for the solitaire group
when comparing study visits.
A significant time training interaction was also observed for SUCCAB Complex Reaction
Time (F (2,54)¼ 5.520, p¼ .007, partial g2¼ 0.170). Planned within-subjects contrasts revealed
that the time training interaction was significant for the follow-up versus the baseline visit
(F (1,27)¼ 7.021, p¼ .013, partial g2¼ 0.206) as well as for the posttraining versus the baseline
visit (F (1,27)¼ 7.747, p¼ .010, partial g2¼ 0.223). Figure 2 displays the SUCCAB complex
reaction time means by study visit and training group. For the cognitive training group, it can
be seen that there is a modest reduction in complex reaction time at both the posttraining visit
and follow-up visit when compared to the baseline measure.
Secondary Outcome Measures
The distribution of scores for all secondary outcome measures across the three study visits were
investigated in order to screen for outliers. For Trail Making (numbers), scores from one partici-
pant were deemed as outliers and were excluded. For SUCCAB Spatial Working Memory scores
from one participant were also deemed as outliers and excluded. Differences in test scores at visit
1 (baseline), visit 2 (21 days posttraining), and visit 3 (follow-up) are displayed in Table 2 for
FIGURE 1 SUCCAB Simple Reaction Time means by study visit and training group.
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both the brain-training and solitaire treatment groups for each of the secondary outcome
measures. Mixed-design repeated measures ANCOVAs—with time (baseline, posttraining,
follow-up) as the within-subjects factor and training group (brain-training versus solitaire) as
the between-subjects factor and age as a covariate—were conducted on all secondary outcome
measures.
For the WAIS Digit Forwards and the WAIS Digit Backwards test, no significant main
effects or interactions were found. No significant main effects or interactions were found for
RAVLT Immediate, RAVLT Learning or WAIS Digit Symbol coding. For the Trail Making
(numbers) test, planned within-subjects contrasts revealed a significant main effect for time
when test scores at the follow-up visit were compared to test scores at the baseline visit
(F (1,25)¼ 4.356, p¼ .047, partial g2¼ 0.148). Scores for both the solitaire and brain-training
group were found to improve across the course of the study. However, these improvements were
not found to be significant. For the Trail Making (numbers and letters) test, a significant main
effect for time was found (F (2,54)¼ 6.498, p¼ .003, partial g2¼ 0.194). Planned within-
subjects contrasts revealed a significant main effect for time when test scores at the follow-up
visit were compared to test scores at the baseline visit (F (1,27)¼ 8.269, p¼ .008, partial
g2¼ 0.234) and when test scores at posttreatment were compared to test scores at the baseline
visit (F (1,27)¼ 10.776, p¼ .003 partial g2¼ 0.285). Scores for both the solitaire and
brain-training group were found to improve from baseline to posttreatment, although these
improvements were not found to be significant. At the time of follow-up, test scores in the soli-
taire group had returned to a level similar to baseline, while test scores for the brain-training
FIGURE 2 SUCCAB Complex Reaction Time means by study visit and training group.
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group had continued to improve. However, these changes from baseline were also nonsignifi-
cant. No significant main effects or interactions were found for SUCCAB Spatial Working
Memory.
DISCUSSION
The current findings provide evidence to suggest that 21-days of cognitive training can bring
about improvements in processing speed when responding to both simple and complex stimuli.
As hypothesized, for the training group, the 21-Day Basic Training Program from www.
mybraintrainer.com brought about significant improvements in simple reaction time at both
the posttraining and follow-up study visits. Also in line with hypothesis, a significant time
condition interaction was observed for complex reaction time; complex reaction time became
slower in the solitaire group over the course of the study, but improved in the cognitive training
TABLE 2
Means and SDs of the Secondary Outcome Measures
Baseline Posttraining Follow-up
n Mean SD Mean SD Mean SD
WAIS-III
Digits forward (n)
Brain-training 17 6.35 1.22 6.24 1.09 6.94 1.14
Solitaire 13 6.23 1.30 6.31 1.11 6.85 1.07
Digits backward (n)
Brain-training 17 4.47 1.23 4.35 1.12 4.53 1.07
Solitaire 13 4.92 1.44 4.46 1.45 5.23 1.01
RAVLT
Immediate memory (n)
Brain-training 17 6.82 1.85 6.06 1.39 6.71 1.86
Solitaire 14 6.43 1.09 6.50 1.51 6.43 1.87
Learning (n)
Brain-training 17 5.71 2.23 5.41 1.87 5.65 1.97
Solitaire 14 6.71 1.59 5.57 1.87 5.79 1.89
WAIS-III
Digit symbol substitution (sec)
Brain-training 17 53.65 15.83 58.35 13.46 57.94 15.10
Solitaire 13 54.54 8.84 55.46 9.99 56.54 12.14
Trail making tests (min)
Numbers
Brain-training 16 .3131 .0728 .3238 .1081 .2994 .1016
Solitaire 12 .3358 .0848 .3308 .0983 .3050 .0596
Numbers and Letters
Brain-training 16 .9213 .3880 .8550 .5526 .8287 .5618
Solitaire 14 1.0764 .4585 .8693 .4993 1.1293 .5374
SUCCAB
Spatial working memory (msec)
Brain-training 16 1095.61 165.58 987.12 214.34 997.36 196.35
Solitaire 14 1093.08 201.94 991.62 146.10 1055.14 220.42
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group over the course of the study. However, no significant improvements in the secondary
outcome measures were observed for the cognitive training group.
The finding of significantly improved performance following 21 days of cognitive training in
processing speed tasks is consistent with previous research by Ball et al. (2002), Mahncke et al.
(2006), Willis et al. (2006), and Vance et al. (2007). It appears that for this cognitive domain the
performance gains from the cognitive training program were successfully transferred to the non-
trained SUCCAB simple reaction time and complex reaction time tasks. However, the finding
that performance on the nontrained measures of working memory, processing speed, executive
function, spatial working memory, and attention did not improve following the 21-day cognitive
training program is contrary to previous research.
A possible explanation for the discrepancy between the current findings and previous
research in regards to a lack of transferred abilities in the secondary outcome measures is that
there may have been insufficient time allocated to the training program in the current study.
The training duration of 21 days for up to 20 minutes per day is a relatively short time to
implement an intervention. In contrast, the time allocated to training in the studies by Mahncke
et al. (2006) and Smith et al. (2009), who reported successful transfer of cognitive abilities to a
range of nontrained cognitive tasks, was 60 minutes per day for 5 days a week over an eight
week period. In the study by Ball et al. (2002), which investigated the effects of cognitive train-
ing interventions in memory, reasoning and speed of processing, only ten 60–75-minute sessions
were conducted over a five-to-six-week period. However, the training interventions used by Ball
et al. (2002) were of a different nature to the ones used in the current study. Those interventions
taught specific strategies, such as mnemonic strategies for remembering word lists, for the
enhancement of cognitive performance. In the study by Vance et al. (2007), which investigated
the effects of processing speed training, only 10 one-hour sessions were conducted over an aver-
age time period of 12 weeks. However, it is important to note that for the study by Vance et al.
(2007) the transfer of trained abilities was also only noted in tasks assessing speed of visual pro-
cessing. In the online study by Owen et al. (2010), only small effect sizes were observed for
differences between the cognitive training and control groups when a minimal training duration
of 10 minutes per day on two occasions throughout the six-week study was required.
Another possible explanation for the finding of a lack of transfer of trained abilities in the
secondary outcome measures is that the current study utilized an insufficient sample size. Post
hoc power analysis using GPower 3.1.2 revealed that for a repeated measures design with two
groups and three time points and a sample size of 30 people there was an 84% chance of detect-
ing an interaction of medium effect size (f¼ 0.25). In light of the fact that nonsignificant
improvements in outcome measures were observed across a number of tasks when comparing
baseline and posttraining study visits, it is possible that treatment time interactions of small
effect size escaped detection due to the sample size. However, previous research by Mahncke
et al. (2006) has reported improvements in untrained neurpsychological memory measures of
effect size 0.25 following training intervention. A more likely explanation for the discrepancy
between the current findings and the study by Mahncke et al. (2006) is either that the current
training duration was inadequate or the training intervention was less effective.
The choice of the active control task of solitaire could also have been a possible confounder
of the current results. Improvements on the outcome measures of Digit-Symbol Substitution,
RAVLT Learning, Spatial Working Memory, and Trail Making were observed similarly in both
the cognitive training and the solitaire group between baseline and posttraining, although these
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improvements were nonsignificant. It is possible that these improvements observed across treat-
ment groups could have been attributed to practice effects. However, it is also possible that the
active control task of solitaire required a certain level of cognitive effort that transferred to the
outcome measures. Solitaire is a task that does not appear to place great demands on memory or
executive processes, as all the cards are displayed in front of the player and all that is required is
to actively sort the cards into descending rows of alternating colors. However, if a participant
was not familiar with solitaire at the beginning of the study, then it is foreseeable that a certain
amount of attention and memory processes would have been required in order to acquire the new
skills needed to become fluent at the game. For this reason, it would, perhaps, have been more
advantageous to employ a passive control group who did not do any task at all.
The finding of improvements in processing speed in response to the 21-day cognitive training
program, whilst not for the other cognitive domains, could be interpreted as support for Salt-
house’s (1996) processing speed theory of age-related cognitive decline. It could be argued that,
in relation to the other more complex cognitive tasks, processing speed tasks represent the most
basic dimension of cognitive ability that must be reliably improved before improvements can be
seen other areas. It is interesting to note that out of the three cognitive domains that Ball et al.
(2002) conducted interventions, it was speed of processing that the largest proportion of parti-
cipants (87%) were found to demonstrate reliable cognitive improvement after 10 sessions. This
finding suggests that reliable improvement in speed of processing may require less training than
for other cognitive domains. It is possible that if the daily time spent on cognitive training in the
current study was extended to one hour per day, then significant improvements in other cogni-
tive domains may also have been found.
Not withstanding the limitations of the current study, the positive finding in relation to
improvement in processing speed following a 21-day online cognitive training program is encour-
aging. With an aging population, it is important that online cognitive training programs, with
superior ease of access, continue to be further refined and developed in order to be of maximal
benefit to older adults. In combination with other lifestyle and dietary choices that are conducive
to maintaining healthy brain function into old age, regular engagement in complex cognitive
activity represents a significant intervention for the amelioration of age-related cognitive decline.
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